The GLC1A locus for autosomal dominant juvenile and middle age onset primary open angle glaucoma (OAG) has been mapped to chromosome lq21-q31. OAG, however, is a heterogeneous disease. We tested linkage of OAG and ocular hypertension (OHT), a major risk factor for OAG, to GLC1A in eight French families with multiple cases of juvenile and middle age onset OAG. There was strong evidence of genetic heterogeneity, four families being linked to GLC1A and two or three others being unlinked, depending on whether the complete OAG phenotype was analysed alone or jointly with OHT In initial linkage studies, disease onset consistently occurred before the age of 20.9 12-15 Subsequently, two large families were characterised, in which both juvenile OAG and middle age onset OAG were observed.'6 17 These findings indicated that the range of phenotypes determined by the GLClA chromosomal region could be broader than initially thought. However, GLC1A was also probably excluded in one family with middle age onset OAG,'8 and a second localisation (GLCIB) on proximal chromosome 2q was recently proposed.'9 Therefore, these results raised questions as to the role of the GLC1A locus in middle to late age onset OAG and OHT, which 
Glaucoma is the second most common cause of irreversible visual impairment in industrialised countries, with an estimated worldwide prevalence of between 1 and 2%.' Primary open angle glaucoma (OAG) combines a particular type of damage to the optic disc with a progressive loss of visual field.2 3 Glaucomatous optic atrophy is primarily characterised by an excavated appearance of the disc. This definition of glaucoma, however, encompasses heterogeneous phenotypes.4 Ocular hypertension (OHT) is not a diagnostic criterion for glaucoma, but occurs in a large proportion of patients. It is the most consistent risk factor for OAG and can precede the development of glaucomatous optic neuropathy. In animal models, laser induced OHT results in optic disc cupping.5 Lowering intraocular pressure (IOP) is currently the best treatment for glaucoma.6 Taken together, these observations suggest that, at least in certain forms of glaucoma, raised IOP is a pathogenic mechanism in the development of OAG in humans.
The precise pathogenesis of OHT and OAG is unclear. Epidemiological studies have emphasised the importance of a family history of OAG as a risk factor, strongly suggesting that OAG is influenced by genetic determinants. ' The juvenile form of OAG (diagnosed before the age of 40 years) is often inherited in a simple mendelian manner, with a highly penetrant autosomal mode of transmission.7 Clinically, juvenile onset OAG comprises particularly raised IOP (often above 35 mm Hg) resulting in severe optic disc cupping. Linkage analysis of a family affected by juvenile OAG has mapped the disease causing gene to chromosome 1q21-q31,8 currently within a 3 cM interval.'0 l1
In initial linkage studies, disease onset consistently occurred before the age of 20.9 [12] [13] [14] [15] Subsequently, two large families were characterised, in which both juvenile OAG and middle age onset OAG were observed.'6 17 These findings indicated that the range of phenotypes determined by the GLClA chromosomal region could be broader than initially thought. However, GLC1A was also probably excluded in one family with middle age onset OAG, '8 and a second localisation (GLCIB) on proximal chromosome 2q was recently proposed. '9 Therefore, these results raised questions as to the role of the GLC1A locus in middle to late age onset OAG and OHT, which are much more prevalent than juvenile OAG in the general population. To We studied 137 living subjects from eight multigeneration families (fig 1) . Affected members were found in two to five generations of each family. Of 60 affected patients, 31 were men and 29 were women. Forty-five patients had definite OAG and 15 isolated OHT (table 1) . Glaucomatous neuropathy was observed in at least two subjects in each family. There was no evidence of secondary glaucoma, and gonioscopy was normal in all eyes. The age at diagnosis (OHT or OAG) ranged from 7 to 82 years, with a median of 28.5 years (28 years for patients with OAG). A marked rise of IOP was found in some or all affected members of each family, 30 patients having recorded IOP values of 30 mm Hg or more in at least one eye. Visual field testing showed an advanced scotoma in at least one eye in 24 patients. Glaucomatous optic atrophy was responsible for a total loss of light perception in 12 eyes. Advanced cupping of the optic disc, with a c/d ratio of 0.9 or more, was observed in 34 eyes. Thirty-four patients had undergone surgery.
Although the clinical features of the probands were similar in all eight families, there seemed to be two subgroups of families with regard to the frequency of isolated OHT, which was not observed in families A-D, and of severe glaucomatous optic neuropathy, which seemed to be more frequent in these four families. These differences are analysed further below in the light of linkage data.
LINKAGE ANALYSIS AND GENETIC HETEROGENEITY
Segregation analysis of OHT and OAG indicated that more than 50% of children of affected parents were affected, and that there was no difference in the rate of paternal versus maternal transmission of disease. There was one obligate carrier in family G. Another carrier (II.2) died at the age of 34, before his clinical status could be documented. A disease model with an autosomal dominant mode of transmission and a penetrance rate of 90% was therefore adopted to test linkage of OAG/OHT to GLC IA in these eight families. Because the proportion of cases of glaucoma caused by GLCIA, that is, the proportion of genetic cases, is largely unknown, and because its value may markedly alter the significance of the results, four values (1 % to 30%) were and F, throughout the D1S2851-D1S218 interval ( fig 2C) . No conclusion could be drawn for families G and H (not shown). Altogether linkage analysis provided strong evidence of genetic heterogeneity. Linkage to GLC 1A was supported in four families (A-D) and was excluded in two or three other families (E, F or E, F, H), depending on whether the complete OAG phenotype was analysed alone or jointly with OHT. u1tipoint lod ter prognosis. In a recent 12 year follow up ikage in these study of persons with OHT and an initially normal visual field by Quigley et al,3 surprisingly, a family history of glaucoma was not a uwever, the significant risk factor for OAG in a subject with y itself was isolated OHT. Risk factors identified in this ion, as age work and relevant to our findings included ignificantly older age, higher IOP, characteristic modificather three tions of the optic disc, and alterations of the 95% confi-nerve fibre layer at the initial visit. The latter Tlhe differ-two risk factors are in fact early signs of optic 551 F group.bmj.com on June 20, 2017 -Published by http://jmg.bmj.com/ Downloaded from nerve damage. It would be most interesting to test whether a family history of glaucoma with GLC1A linkage is also a significant risk factor for developing glaucoma in such a cohort of subjects with isolated OHT. Our results should also have a significant role for optimising the management of members of glaucoma families, as raised IOP is probably a reliable parameter of disease evolution in GLC 1A linked families, whereas it may be less valuable in GLClA unlinked families.
